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Increasing use of URLsIncreasing use of URLs

• 1977 Stripa URL project started in Sweden
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Investigations At Investigations At Stripa Stripa on Fracture Flow in Rockson Fracture Flow in Rocks

Plan view of experimental area about 
330 m underground at Stripa. Coordinate 
system refers to mine coordinates in 
meters [after Gale, 1981].
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Hydraulic Head Measurements in Radial BoreholesHydraulic Head Measurements in Radial Boreholes

Pressure measurements in 
radial boreholes of large-scale 
permeability test. Stippled area 
shows pressure increase 8 days 
after packing off RO1 [after 
Wilson et al., 1981].
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LargeLarge--Scale Permeability Test at Scale Permeability Test at Stripa Stripa 

Schematic view and layout of 
equipment used in large-scale 
permeability test at Stripa. Circulation 
of mine air inside walled off room 
collected water vapor emanating from 
fractures in walls. Liquid equivalent 
flow rate of 42 mL/min determined 
from increase in humidity.
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DistanceDistance--Drawdown Plot of Hydraulic HeadsDrawdown Plot of Hydraulic Heads

Distance-drawdown plot for observed 
hydraulic heads with air temperature of 30º C. 
Steeper slope just outside drift wall due to 
excavation damage and two phase flow.
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Increasing use of URLsIncreasing use of URLs

• 1977 Stripa URL project started in Sweden
• 1980s Development of URL in Belgium
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URL at Mol, BelgiumURL at Mol, Belgium

Map of Belgium showing locations of 
nuclear power plants and the URL at Mol.
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Geologic CrossGeologic Cross--section of Mol Sitesection of Mol Site

East-West geologic cross-section showing groundwater flow system and the 
100-meter thick Boom Clay formation at the Mol site.
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HADES URL at MolHADES URL at Mol

HADES (High Activity Disposal Experimental Site) underground 
research laboratory at Mol constructed to investigate Boom Clay.
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HADES URL at MolHADES URL at Mol

Summary of main research items and processes associated with HADES URL
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HADES URL / PARCLAY ProjectHADES URL / PARCLAY Project

A second shaft at the end of 1999 provided for a gallery to extend beyond the HADES URL for the 
PRACLAY project, which is designed to provide for an investigation of the disturbed zone around 
an HLW disposal gallery that has been subjected to decompression and thermal loading. Results to 
date indicate that more time will be required to obtain the desired results, and the project plan is 
now being redefined.



5

13
General Training On Methodologies For Geological Disposal in North America

IAEA Network of Centers of Excellence

Increasing use of URLsIncreasing use of URLs

• 1977 Stripa URL project started in Sweden
• 1980s Development of URL in Belgium 
• 1980s Development of URL in Canada
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Whiteshell Whiteshell Research Area, ManitobaResearch Area, Manitoba

Location Map of the Whiteshell 
Research Area in the province of 
Manitoba showing the Lac du Bonnet 
granite batholith, surface topography 
(25 m contour interval), drainage and 
location where URL has been 
developed.
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Increasing use of URLsIncreasing use of URLs

• 1977 Stripa URL project started in Sweden
• 1980s Development of URL in Belgium 
• 1980s Development of URL in Canada
• 1980s Development of two URLs in Switzerland
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Phase V Projects at the Phase V Projects at the Grimsel Grimsel URL, SwitzerlandURL, Switzerland

Grimsel URL, which has been in operation since 1983 about 
450 m beneath the Juchlistock in the Bernese Alps, showing 
locations of current in situ investigations in Phase V projects.

Source: Nagra Bulletin 34, 2002
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Phase V (1997Phase V (1997--2004) Projects and Participants at2004) Projects and Participants at Grimsel Grimsel URLURL

Source: Nagra Bulletin 34, 2002
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Gas Migration Test in Shear ZoneGas Migration Test in Shear Zone

Schematic representation of the GAM (Gas Migration) test using 
20 boreholes to access a shear zone in which two-phase flow with 
a range of tracers (non-sorbing water-soluble, particle tracers, gas 
tracers) was used to investigate the nature of migration in the 
complex channels of the shear zone.

Source: Nagra Bulletin 34, 2002
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GAM Shear ZoneGAM Shear Zone

Structure of the GAM shear zone and migration of different tracers (schematic). Note the open 
channels. The thin section impregnated with resin shows the complex structure of the shear zone.

Source: Nagra Bulletin 34, 2002
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• Schematic representation of the CRR 
(Colloid and Radionuclide Retardation) 
test showing how colloids present in 
groundwater can influence the 
migration of radionuclides.

• Colloids in groundwater range in size 
from one nanometer to one 
micrometer, but they can also be 
formed due to the presence of the 
repository installations. 

• Depending on their properties (e.g. 
size, charge), colloids can have the 
effect of either accelerating of delaying 
the transport of radionuclides.”

Source: Nagra Bulletin 34, 2002

Colloid and Radionuclide Retardation TestColloid and Radionuclide Retardation Test

Colloid Transport
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Mont Terri Project, SwitzerlandMont Terri Project, Switzerland

Map of Switzerland and the 
northwestern part of the country 
showing location of the Mont Terri 
URL that has been constructed in an 
underground offset from the Mont 
Terri motorway tunnel owned by the
République et Canton du Jura with 
project direction by FOWG (Federal 
Office for Water and Geology). 
Initial investigation of the site started 
in 1996 with excavation of 8 niches 
along the  security gallery with 
funding provided by Nagra and 10 
project partners in Switzerland, 
Belgium, France, Germany, Japan and 
Spain.

Source: Nagra Bulletin 34, 2002
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Tunnels and Niches in Mont TerriTunnels and Niches in Mont Terri

Layout of tunnels and niches in the Mont Terri URL, that have been used to carry out a large 
number of experiments on the Opalinus Clay concerned with: its hydrochemistry, parameters of 
diffusion, effects of excavation on disturbed zone, and self-sealing behavior.

Source: Nagra Bulletin 34, 2002
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SitingSiting Area forArea for OpalinusOpalinus Clay inClay in Zürcher WeinlandZürcher Weinland

Source: Nagra Bulletin 35, 2004
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Geological Profiles ThroughGeological Profiles Through Zürcher WeinlandZürcher Weinland

Source: Nagra Bulletin 35, 2004
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Hydraulic Conductivities and Heads inHydraulic Conductivities and Heads in BenkenBenken BoreholeBorehole

Source: Nagra Bulletin 35, 2004
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OpalinusOpalinus Clay under Scanning Electron MicroscopeClay under Scanning Electron Microscope

The sample consists of clay 
minerals which have associated to 
form sheet-like aggregates.
In the center is a feldspar mineral.

Source:
Nagra Bulletin 35, 2004
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Diffusion Profile of Deuterium inDiffusion Profile of Deuterium in BenkenBenken BoreholeBorehole

Measured data for deuterium 
(δ2H) in groundwater and
porewaters from the Benken
borehole obtained using a range 
of methods. The arcuate
distribution can be explained 
only by diffusive exchange 
(arrows)  between groundwater 
and porewaters and excludes 
substantial vertical advective
water flow. Model calculations 
(dashed lines) show that it has 
taken around 0.5 million years 
for the observed deuterium 
distribution to be established.

Source:
Nagra Bulletin 35, 2004
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Increasing use of URLsIncreasing use of URLs

• 1977 Stripa URL project started in Sweden
• 1980s Development of URL in Belgium 
• 1980s Development of URL in Canada
• 1980s Development of two URLs in Switzerland
• 1980s Development of second URL in Sweden at Äspö
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SKB Feasibility Study SitesSKB Feasibility Study Sites

For almost 30 years, SKB (Swedish Nuclear Fuel and 
Waste Management Co.) has been working on their 
concept for a deep geologic repository that involves 
encapsulating HLW in copper canisters with cast iron 
inserts, imbedding each canister vertically, and 
surrounding them with bentonite clay at a depth of 
about 500 m in bedrock. SKB has also been carrying 
out feasibility studies at the eight sites shown here from 
which they selected three within the municipalities of
Tierp, Östhammar, and Oskarshamn to determine if 
they would permit site investigations. The relevant 
authorities in Östhammar and Oskarshamn agreed to 
such work, which was initiated in the spring of 2002, 
and will continue for 5 to 6 years. 
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Äspö Äspö Hard Rock LaboratoryHard Rock Laboratory

In preparing for the siting and construction of a deep repository, SKB has built the Äspö Hard Rock 
Laboratory (HRL) on the island of Äspö outside Oskarshamn. The HRL is 3600 m in length going 
down in a spiral to a depth of 450 m.
One of the first steps in using the HRL was to develop a procedure for emplacing the copper canisters 
in the repository tunnel floor.  This required the development of a special boring machine that could 
construct a borehole 175 cm in diameter and 8 m deep and operate in tunnels with a roof height of only 
5 m.
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Copper CanistersCopper Canisters

A special procedure for welding and fabrication has been developed to assemble a 
copper canister with a cast iron insert. The assembly is nearly 5 m long and weighs 
between 25 and 27 tons when filled with spent fuel.
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SKB RadiationSKB Radiation--shielded Deposition Machineshielded Deposition Machine

SKB has developed a prototype of a remote-controlled and radiation-shielded 
deposition machine to manipulate the heavy copper canisters in a tunnel with 
a roof height of only 5 m.
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Layout of Retrieval TestLayout of Retrieval Test

The repository is designed in such a way that 
it is possible to retrieve deposited canisters, 
and KBS is now carrying out a retrieval test 
to demonstrate that canisters can be freed 
from water-saturated bentonite under 
realistic conditions. The schematic layout 
shows a full-sized canister in a deposition 
hole surrounded with bentonite, which may 
take 3-5 years to become saturated.
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Prototype Investigation of KBSPrototype Investigation of KBS--3 Repository3 Repository

KBS is now testing a prototype of what they have designated as the KBS-3 design for a repository. The 
purpose is to simulate the integrated function of the repository components and to provide a  full-scale 
reference for comparison with models and assumptions. The test area consists of six deposition 
boreholes, and is divided into two sections: one inner section with four canisters (electrically heated) 
and one outer section with two canisters (electrically heated). All conditions in the KBS-3 repository, 
with respect to geometry, materials, and rock conditions, are identical to a real repository. The outer 
part of the prototype repository will be excavated after 5 years, while the monitoring of the inner part 
will continue for another 5 to 10 years.
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Increasing use of URLs 2001Increasing use of URLs 2001

• 1977 Stripa URL project started in Sweden
• 1980s Development of URL in Belgium 
• 1980s Development of URL in Canada
• 1980s Development of two URLs in Switzerland
• 1980s Development of second URL in Sweden at Äspö
• 1996, 6 countries: Belgium, Canada, Japan (2), 

Sweden, Switzerland (2), USA     
• 2001, 11 countries: Belgium, Canada, France, Japan 

(2), Sweden, Switzerland (2), and USA with URLs in 
operation; France, China, Czech Republic, Poland, and 
Ukraine with URLs being designed.
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International Collaboration in Selected European URLsInternational Collaboration in Selected European URLs
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International Collaboration in Selected European URLsInternational Collaboration in Selected European URLs
(cont.)(cont.)

Source: Nagra Bulletin 34, 2002
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Problems with Public Acceptance of Nuclear Waste ProjectsProblems with Public Acceptance of Nuclear Waste Projects

In United Kingdom, Nirex was refused permission in 1997 to construct 
a URL at their Sellafield project, which led to the termination and 
abandonment of the project. In a review of the project by the office of 
the Secretary of State for the Environment, it was noted that the poor 
design, layout, and arrangements for access to the proposed URL,
together with adverse impacts on visual amenities, a protected species 
(badgers), and the natural beauty of the English Lake District were 
serious enough to warrant refusal. There were also concerns about 
scientific uncertainties and technical deficiencies.
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Problems with Public Acceptance of Nuclear Waste ProjectsProblems with Public Acceptance of Nuclear Waste Projects

In 1993, an extensive site-selection procedure resulted in the nomination 
of Wellenberg in Central Switzerland as the preferred location for an 
LILW repository. The principle of using Wellenberg as a repository site 
was accepted in public referenda in the local community, but in 1995 was 
blocked by a narrow margin at the cantonal level. 

Between 1996 and 2001, Wellenberg was evaluated again and a 
modified disposal concept to proceed with an exploratory drift received 
the necessary concession from the local government in September 2001. 

Despite many of their requirements being fulfilled, the 1995 opponents 
decided to fight the concession with every resource at their disposal. 
Emotions ran extremely high in the weeks leading up to the cantonal vote 
in September 2002, with the result that a higher vote against the project 
than was obtained in 1995 was recorded. Wellenberg has now been 
officially abandoned, and at present, there are no alternative sites.
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Radioactive Waste Disposal in FinlandRadioactive Waste Disposal in Finland

The Finns have developed a successful method of handling this 
problem. When the first fieldwork for a HLW repository was about
to begin, over 15 years ago, Posiva set up a cooperation group 
with the residents of each community where investigations were 
to be undertaken. They started with four different sites, and they 
established four separate cooperation groups. Several meetings 
with each group, including  field trips, were arranged annually,
and at the end of each year, a written report was given to each 
group that summarized all aspects of plans and results.
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Radioactive Waste Disposal in Finland (cont.)Radioactive Waste Disposal in Finland (cont.)

Before any significant commitment to a nuclear facility is made,
Finnish law requires the passage of a Decision-in-Principle (DiP) by 
the government, which must include municipal approval. When all 
fieldwork at the 4 sites was completed, the final selection was based 
on the outcome of an environmental impact assessment carried out
in 1997-1999. The final selection was a site at Olkiluoto in the 
municipality of Eurojoki, which had rendered a strong vote of 
approval for the proposed site. In December 2000, the Finnish 
government approved an application for the DiP that had been made, 
and on May 18, 2001, Parliament ratified the decision. Finland is the 
first country in Europe to obtain this kind of governmental approval for 
an HLW repository site. 
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ConclusionsConclusions

Investigations on clay beds have revealed a formation with some unusual 
parameters, for isolating radioactive waste over very long periods of time. 

One of the most important developments is the recognition that a URL 
provides an excellent facility for investigating and characterizing the 
parameters of a rock mass in the underground. 

Once developed, a URL provides a convenient facility for two or more 
organizations to conduct joint investigations more economically than 
would otherwise be possible.

A very large number of cooperative projects have developed in Europe to 
take advantage of the opportunities provided by such joint ventures.

The role of the public, as a stakeholder in radioactive waste disposal, has 
not always been fully appreciated and must be given careful attention.
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AppendixAppendix

The following Table 1.1 is from 
the Third Worldwide Review 
and summarizes the broad 
range of activities on nuclear 
waste isolation in 32 countries 
as of 2001.
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Croatia Croatia -- GermanyGermany
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Hungary Hungary -- JapanJapan
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Korea Korea -- NetherlandsNetherlands
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Poland Poland -- SloveniaSlovenia
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South Africa South Africa -- SwitzerlandSwitzerland
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